Background There is a lack of data about police officers' hearing thresholds and the risk of noise-induced hearing loss (NIHL) associated with this occupation. In France, 129 000 national police officers, 96 000 state police force members and 16000 municipal police officers may be affected by occupational noise exposure.
Aims
To evaluate the association between police employment and NIHL.
Methods
We undertook a cross-sectional study using review of medical records. Audiometric and otological data and information on potential confounders were extracted from medical records. Global hearing loss and selective 4000 Hz hearing loss were analysed.
Results
Of total, 1692 subjects (887 policemen and 805 civil servants) participated in the study. After adjusting for potential cofounders, police officers were 1.4 times more likely to have a selective 4000 Hz hearing loss than civil servants (95% CI 1.1-1.9). This difference was greater between motorcycle police officers and civil servants (OR 5 3; 95% CI 1.4-6.3).
Introduction
According to the World Health Organization, 250 million people in the world have disabling hearing impairment of moderate or greater severity [1] . The leading causes of hearing loss for deaf and hard-of-hearing adults in the USA are noise, age and ear infection [2] . Although occupational hearing loss is a well-recognized hazard in some industries or occupations with exposure to high noise levels (e.g. airport ground crews), it has not been evaluated as fully in occupations for which the risk is not so overt, such as police officers. Hearing impairment caused by the noise of gunfire has been studied, mainly in soldiers [3, 4] . Increased hearing thresholds have been identified in some specialized police forces, such as traffic police officers in a large Egyptian city [5] and police dog handlers [6] , but data are unavailable for Western European police officers other than motorcycle officers. Since 2006, French legislation has introduced a limit value of equivalent continuous noise level exposure at work (L Eq,d ) of 87 dB(A). Actions to control exposure are required where L Eq,d 80 dB(A) is exceeded. To our knowledge, there has to date been no noise level exposure assessment in French police forces. Because our department provides an occupational health service for the police force of Reims, France, we sought to verify whether the risk of noise-induced hearing loss (NIHL) was present. We present here the results of a comparative cross-sectional study of the association between police work and hearing loss.
Methods
We undertook a comparative cross-sectional study involving police officers (including motorcycle police officers) who worked from 1999 to 2005 in Reims, France (population 200 000). The comparison group comprised other municipal or state civil servants from the same city, specifically administrative staff, research workers, technicians and janitors, selected because they were free from occupational noise exposure. All the subjects in each group had been in their job for at least 6 months and were seen at our clinic for routine health surveillance. This included systematic standardized audiometric testing and an interview about past and current noise exposure. Subjects with current external or middle ear disease (i.e. otitis or wax) were not included in the study.
Standardized medical records for all subjects attending our clinic include information regarding medical history, including ear and hearing-related problems, noise exposure during leisure activity, military service and work history, including prior occupations, specific job exposure to occupational risks and number of years in their occupation. These data were extracted anonymously from the medical records for our study. Cigarette smoking status at the time of the medical and hearing examination was also recorded.
Audiometric testing was conducted using a single audiometer (AudioscanÒ, EssilorÒ) calibrated to the manufacturer's instructions according to the ISO 389 standard. This audiometer also complied with the French CEI 645 and ISO 6189 norms. Trained occupational physicians conducted audiometric testing in a dedicated room that met the audiometer manufacturer's specifications and the French ISO 8253-1 norm. A senior occupational health specialist was responsible for audiometry quality control. Pure-tone air-conduction thresholds were determined for each ear with chromatic progression from 250 to 8000 Hz.
Hearing damage was assessed in terms of either global hearing loss or selective 4000 Hz hearing loss. Global hearing loss was defined as a pure-tone average of thresholds at 500, 1000, 2000 and 4000 Hz .20 dB. In cases of asymmetric hearing loss, in accordance with the Bureau International d'AudioPhonology [7] classification system, the average loss in the better ear was multiplied by 7 and in the worse ear by 3, and the sum divided by 10.
Selective 4000 Hz hearing loss is characteristic of the onset of NIHL [9] , defined here as a hearing loss .30 dB (uni-or bilateral) at 4000 Hz without loss at 8000 Hz.
Independent ethical approval is not needed for this type of study design in France.
Statistical analyses were conducted using SAS Version 8.2 Software (SAS Institute Inc., Cary, NC, USA). For univariate analyses, we used the x 2 test for categorical variables and Student's t-tests of differences in means for continuous data. Logistic regression was used to evaluate the odds of having a hearing loss (global hearing loss and NIHL) associated with being a police officer, adjusting for age, sex, smoking and other potential confounders [8] . Potential interaction effects were tested but eliminated from our presented models as they were not statistically significant. Differences were considered significant if the two-sided P-value was 0.05 or less.
Results
Of the 1880 people eligible for the study, 1692 people participated, including 887 police officers (of whom 33 were motorcycle police officers) and 805 civil servants. Of total, 188 were not included because of the missing data.
The descriptive characteristics of participants in the study are presented in Table 1 .
In all, 23% of police department staff and 21.5% of civil servant had global hearing loss. In all, 28% of police department staff had NIHL versus 16% of civil servants.
Univariate analysis showed that police officers were significantly younger that controls and more predominantly male (Table 1) . They also were more likely to have a prior history of noise exposure and to be cigarette smokers.
In the multivariate analysis, after adjusting for age, sex, smoking status, medical and ear, nose and throat (ENT) history and previous or leisure-time noise exposures, working in the police department was not associated with the global hearing loss (OR 5 1.04; 95% CI 0.7-1.4) ( Table 2 ). However using the same model, selective 4 kHz hearing loss was more likely in police officers than among controls (OR 5 1.4; 95% CI 1.1-1.9). It appears that this increased risk of NIHL in all police officers is not entirely attributable to motorcycle officers as the NIHL risk for non-motorcycle officers was also weakly increased (OR 5 1.37; 95% CI 1.0-1.8), although the risk was greatest in motorcycle officers (OR 5 3; 95% CI 1.46.6).
Discussion
Our study found an increased risk of NIHL in motorcycle officers and to a lesser extent in other police officers.
Some technical limitations could not be avoided in this study. First, the timing of the audiometry assessment in relation to when subjects were last exposed to noise could not be controlled. In addition, we did not identify particular sources of noise exposure among the different occupational groups. The French norm recommends testing hearing 3 day after the last noise exposure, but it was not possible to achieve this in this study. Therefore, it is possible that the effect of temporary threshold shift has led to an overestimate of the real risk of NIHL.
We did not use a soundproof booth in our study, but noise levels in the dedicated room used for testing were ,30 dB(A). Moreover, the testing conditions were the same for policemen and administrative staff. Therefore, the lack of a soundproof booth has probably had a weak influence on our results.
The main strengths of this study are the size of the study groups and the fact that we took into consideration potential sources of bias, notably past noise exposures.
In a logistic regression model adjusted for age, sex, current smoking, previous occupational noise exposure, leisure-time noise exposure and a history of acute noise exposures, being a police officer was associated with selective 4000 Hz hearing loss, but not with global hearing loss. This selective hearing loss suggests that there is an occupational risk of NIHL in police officers.
In the literature, global hearing loss is associated with factors such as presbycusis and ear diseases. Only very substantial noise exposure results in global hearing loss and an association between global hearing loss and occupational noise exposure is therefore found only if occupational noise exposure is sufficiently intense and prolonged [9] . Occupational noise exposure in police work is not known to induce such extensive hearing loss. Therefore, the absence of an association between global hearing loss and police work is consistent with no more than moderate occupational noise exposure.
By contrast, selective 4000 Hz hearing loss is thought to indicate early or moderate NIHL and to be specific for hearing impairment for this reason, making it an appropriate measurement for our study [9] .
We therefore believe that police officers may have moderate but deleterious occupational noise exposures. As this has not to date been reported in ordinary police officers, other studies are needed to confirm our results.
Police officers are potentially exposed to multiple sources of noise, including vehicle horns, gunfire, dog barking and traffic noise, including, for motorcycle officers, motorcycle noise.
These may involve both impulse and chronic noise exposures, the latter being defined as .85 dB L Eq,d (equivalent daily continuous sound level).
Reims police officers are required to undertake shooting practice (80 cartridges per year). However, safety measures are strict and their use seems to be effective [10] . Hearing loss associated with gunfire is more likely to come from inadvertent unexpected exposure than from planned shooting range activity where hearing protection is used.
Chronic exposure to traffic noise could be an important source of occupational hearing loss, especially in motorcycle police officers, as previously observed [11, 12] . Noise exposure in motorcyclists is known to be hazardous. According to Ross, during town driving equivalent continuous noise levels ranged from 63 to 90 dB(A), intercoms giving the highest peak levels. On the open road, levels were up to 105 dB(A) L Eq [13] . Our findings are consistent with this previous data. It would be interesting to examine any correlation between the duration of employment as a motorcycle police officer and the degree of NIHL. However, the use of Pearson'scoefficient ofcorrelation wasnotappropriate,asafundamental requirement of its use is that the two variables be normally distributed, which was not the case with our data.
Traffic noise is very variable within and between cities [4, 14, 15] and at different times. Unfortunately, we could not quantify the impact of such variables in our study. Moreover, there is a variety of police tasks, each likely to involve differing noise exposures, such as patrol work, traffic police duties, work in motorcycle squads and doghandling units and riot control activities. Our study was only able to single out motorcycle police officers (Table  2) , and it would be useful to further refine the analysis taking into account the noise exposure levels specific to different police tasks.
This study was conducted on convenience samples, namely Reims civil servants and police officers, rather than randomly selected ones. France has 129 000 national police officers, 96 000 state police officers and 16 000 municipal police officers. Although extrapolation of our conclusions to other French police forces requires caution, the size of the study, the great uniformity of police training and practice in France and the homogeneity of French cities suggest these findings may be widely applicable, not only in France but also possibly in other European police forces as well. It is important to replicate and extend our observations, because if confirmed, effective preventive measures are available and could be implemented.
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